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(54) Title: DEVICE FOR RESTORING C0MPEIENC:E TO VENOUS VALVES 
(57) Abstract 

An implantable support device that is applied extcnaUy about 
a vein at an incompetent venous valve site which device serves to 
flatten or compress but not occhide the vein. Flattening is induced 
generally noxmal to the co^>ting edges of the valve cusps restoring 
the competence of the valve by causng an elongating tension to be 
applied to tbe Iree edges d the cusps to bring them into appositicn. 
In the preferred embodiment, the suppoft has opposed compression 
members fabricated from a biocompatible material and inccvpcrates 
a reinforcing or spring-like mem b er such as stainless steel wire to 
provide strength and rigidity. 
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TITLE OF THE INVEfiTION 

DEVICE FOR RESTORING COMPETENCE TO VENOUS VALVES 


RELD OF THE MVEMTION 

The present invention relates to a device for repairing incompetent venous vaNes and 
more spedficaHy relates to an tnvlarteble stpport device wh^ 

vwn to apply an external defomiation force to a vein m the area of a venous valve, vvhich force 
tends to ftetten the valve and intpart an oval shape to the van. The flattenng force is 
generally nomrial to the edges of the valve cusps, tensioning the cusp edges and bringvig the 
valve edges into appositicnn to restore competence. 

BACKGROUND OF THE iNVgWTION 


Venous valves in hurnans and other animals are normally tMcuspid valves in wfiic^ each 
valve cusp fornis a reservoir for blood under pressure which forces ttie free edges of ttie 
cusps together to preVtent reflux. Incompetence is a condition in which the do not 
prqaerly coapt when a pressure (fifferential or gradient is appBed across a valve pennitting 
reflia or retrograde flow of blood to occur. Medical fiterature incficates that many physicians 
believe that chronic venous insufficiency of the lower limbs is the result of deep venous 
thrombreis and associated inflamrratoiy changes of venous Varkxjse veir» 

often occur in the long saphenous veins m the lower legs when valve incompetence occ^ A 
varicose vein is considered to be a concfition which occurs when a vein (Slates and the 
trtoutaries become elongated and tortuous, resulting In cosmetic impaimnent inflammatory 
r^ilebitis, pain £uid thromt)osis. 

When the valves of the varicose, long saphenous vein are examined, changes are 
evident including dilation, evagination between the cusps, and in later stages the membrane 
between the commissures thins and rnay have numerous fenestrae. These conditiwis are 
generally termed venous valve incompetence. 

One of the most frequent symptoms of incompetence is poor coaptation of the valve 
cusps due to floppiness of the leading edges of the valve cusps. Reflux blood flow occurs 
both along the free edges of the cusps and in the corneal areas. Venous valve reconstmction 
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has progressed to the point that competence can be achieved by both internal and external 
repair techniques. 

One of the surgical procedures to address this problem is appTication of sutures to the 
edges of the valve cusp leaflets in the corneal areas. The sutures are then pulled back and 
5 tied to the walls of the vein in order to reduce the length of the coapting edges of the leaflets. 
For example, the Atlas of Venous Surgery (1 992). at page 1 25, discusses various valve 
reconstruction techniques for primary valve insufficiency. One technique is entitled •Internal 
Technique By Transvalvular Venotomy" involves fir^ laying open the valve by performing a 
venotomy to expose the valve. The object of the repair is to shorten the leading edge of each 
10 cusp to restore a ojp-iike configuratk>n to both cusps in a procedure termed Memal 

valvutoplasty. The valve is repaired with monofilament suture at three kx3tk>ns. medial, lateral 
arKi posterior unta the ieadihg edges of the two valves De gently across tf)e face of the vein 
with the noppy, rugal folds eliminated. 

Another internal method of valve repair is described in PCT PubBcatkH) WO93-01764. 
1 5 This publication describes an intravenous devk:e that may t>e used to partially or totally flatten 
a vein. The device consists of two t>earing rods whk:h are connected tTy at least or>e spreader 
element having a spring effect wluch are capable, when inserted into the lumen of the vein, to 
apply an outward force on the two opposite sides of the vein so that it pushes the 
commissures of the vein apart flattening the vein and thus improving coaptation. While 
20 effective, this devk:e rerriains in the lumen of the t>lood vesM 
potentially cbntritnjting to thromtx>sis. 

Restoration of venous valve oxnpetence can also be surgtralty achieved without 
performing ver)otomy by placing ari external row of sutures ak)ng the cfiverging margir^ of the 
valve cusp ir)sertk>n in the vein wall. Sutures for external repair are begin in each 
25 conunissure on both sides of the vein. The advantage of external repair is tfrat ft can t>e done 
without venotomy arKi is less demanding technk:ally than internal repair. External 
valvuloplasty is discussed in a number of recent articles indudmg: "77>e Role ofExterruU 
Banding Valvuloplasty in the Surreal Managemerrt of Chronic Deep Veryous Disease' H. 
Schanzer et al., Phlebokxiv (1 994) 9:8-12; 'External Valvuloplasty of ttw Saphenotemoral 
30 Junction'': P. Zamboni et at., Vascular Surgery . Vol, 28 No. 5, June 1994. Zamboni et al., 

descrft>e the use of porous PTFE material to surround an ff)competent verK>us vaive whereby 
the regk>n of the venous valve is forced into a round or circular transverse cross section. 

Other surgical approaches involve venous valve transplant in which replacement of a 
segment of the vein having the incompetent valve occurs with the segment of another vein 
35 having a competent valve being surgically interposed. 
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These surgical methocte, while ail successful to some degree, require a high degree of 
surgical skiH and often result in a temporary r^air. Internal repairs also may result in reducing 
or nanDwing of the internal vein lumen, (i>strucling blood flow. 

Another approach to restore competence of incompetent venous valves involves 
reducing the diameter of the appropriate veir» at the valve site. In this approach, a cuff is 
appOed around the vein which cuff consists of a band of biocompatible, implantable material 
that is not stretchable, at least at blood flow pressures. The band is of sufficient length to 
encompass the vein at the valve site with the ends of the band overlapping. Thecuffis 
attached by a special applicator which reduces the circumference of the cuff until competence 
Isrestored. This system re<ftices the diameter of the lumen to restore competence. 
Reference is made to U.S. Patent No. 5.147.389 entitlckf -Correction of Incompetent Venous 
Valves" which describes such a system and which system Is currently available and 1^^ 
the "Venocuff™ ^em. Use of a Dacron® (registered trademarfc of E.I. Du Pont de 
Nemours & Co., Inc.) graft used as a cuff about the vein is discussed in 'A Method For 
Repairing Incompetent Valves In Deep Veins'. Dag Halberg, Acta Chimmica Scandinavica . 
138:143-145 (1972). The above device, however, does not improve coaptation of excessively 
elongated edges of verxxjs valve cusps. 

U.S. Patent 5.441 ,509 shows a surgkal dip having a nfx>nolithic hinge with projecting 
legs for compressing a vessel or tissue but are not implantable and are generally intended for 
temporary occlusion of a vessel. 

Various surgical dips are also known. For example. U.S. Patent 5.441 .509 describes a 
surgical dip intended to ocdude various anatomical structures. WWe such surpcal c^ 
relate to methods of ocdusion, none describe ejrtemal methods of improving the effectiveness 
of venous valves white avoiding ocdusion of the vein. 

In view of the foregoing, ft is apparent there exists a need for a simple implantable 
device to effectively restore competence to incompetent venous valves at various locations in 
the. venous system. Accordingly, it is a broad object of the present inventbri to provide an 
implantable support device that is applied externally to the vein to apply an external flattening 
of the vein at a venots valve site to restore competence of venous valves. 

It Is a further object of the present inventfen to provide a support device for applying 
restorative compression to the vein at a venous valve site, vwhich device does rjot compress 
the sinus area of the valve. 

It is yet another object of the invention to provide an implantable support device for 
restoring competence to an incompetent venous valve which device incorporates a 
biocompatible material and which device may be appBed externally about the vein at a venous 
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valve she and secured in place by sutures or other mechanical means associated with the 
device. 

These and other purposes of the present invention will become evident from review 
of the following specification. 


SUMMARY OF THE INVBffltlM 

The present invention Involves an implantable support device that is appBed externally 
about the vein at a venous valve site which device senses to flatten or compress but not 
ocdude the vein. Rattening is induced generally normal to the coapting edges of the vah/e 
cusps restoring the competence of the vah/e by causing an elongating tension to be applied to 
the free edges of the cusps to bring them into apposition^ In the preferred embodiment, the 
support has opposeKl coiTipression members fabfwated frtm a bkxx)rn^ 
pdytetra-fluoroethylene (hereinafter PTFE) or polyethylene terephthalate which incorporate a 
reinfordng or spring-like n)ember such as staNess steel wire to provkte sfr^ 
In tfie preferred embedment the opposing members can be opened and closed along an 
intermediate hinge sectiori and when dosed over the vein, the members flatten the vein by 
applying a restorative force generaMy nonnal to the coapting edges of the valve. The support 
must have sufficient rigidity to rnaintain compression to impart an elliptical or oval shape to the 

vein sufficient to tension the cusp edges. The support may be provided In different sizes to 
assist the surgeon in property applynig the desired compressive force to cfifferent vein si^ 
and to treat different degrees erf valve incompetence. The hinge section fadiitates positioning 
the valve and the device may include a latching or lockkig member for securing the support 
about the vein. The support may also include relieved areas or recesses in the opposed 
compression members which relieved areas are positioned to be located over the siius areas 
so that a compressive force is not applied to the sinus areas. 

In other embodiments, the support may be fabricated from a biocompatible material 
such as that sold under the trademarii GORE-TEX® Cardiovascular Patch manufactured by 
W. L Gore & Associates, Inc. of Flagstaff, Arizona. The density and thickness of the material 
may be selectively varied in different areas of the support devee to provide the desired 
compressive force and hin^ng. Still other useful materials from which the support may be 
made include fluorinated ethylene propylene, perfluoro alkoxy, polypropylene, polyurethane 
and resori>able polymers. 
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In yet another emtxxSnient, the support may comprise a slightly ovoid helical winding of 
biocompafljle material having reinforcing wire adhered to or incocporated into the winding. 
The si?)port is extended and placed about the vein at the valve site and permitted to return to 
its ovoid shape to compress the vein to restore competence to the valve. 


BRIEF DESCRIPTlQIi QF THE DRAWIMfiS 

The operation of the present invention should become apparent from the foliowing 
description when considered in conjunction with the accompanying drawings. In which: 
Figure 1 is a perspective view Ohjstrating a vein and a ^^pical venous valve site; 
Figure 2 is a perspective view of a vein which has been partially cut away to expose the 
venous valve; 

Figure 3 is a cross sectiorud view of a vein dwwing a competent venous valve; 
15 Rgure 4 is a view similar to Figure 3 showing a venous valve in which the valw 

and corneal areas are incompetent and pemrut reflux blood flow; 

Figure 5 is a cross sectional view illustrating application of a nomfjal force to the 
incompetent valve flattening the valve and bringing the leading edges of the valve cusps into 
apposition; 

20 Rgure 6 is a perspective view of a preferred embodiment of the venous valve support of 

the present invention; 

Figure 7 is a plan view of the support of Figure 6 shown in laid open flat position; 

Rgure 8 is a perspective view of a vein with the support shown in F^res 6 and 7 
applied thereto; 

25 Rgure 9 is a perspective view of another embodiment of the support of the present 

invention; 

Rgure 10 is a perspective view of yet another embodiment of the device of the present 
invention; 

Rgures 1 1 to 1 1B are representative cross sectional views of the support and a vein 
30 illustrating various configurations of the SMpport to achieve vein flattening; 

Figure 12 is a plan view showing yet another embodiment of the support of the present 
invention applied to a vein; 

Figure 13 is a cross sectional view showing the support fliustrated in Rgure 12 applied to 
a vein; 

35 Figure 1 4 is a sectional view taken along line 14-14 of Figure 12; 
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Figure 15 is a perspective view showing another emtxxfiment of the support <rf the 
present invention in which multiple venous si^rts are fonned as a series of interconnected 
helices; 

Rgure 16 is a view of a single helical support which comprises a single hefix as 
5 compared to the series of multiple helices rfiown in Rgure 1 5; 

Figure 17 is an enlarged cross sectional view taken along ine 17-17 of Figure 15; and 
Figure 18 is a cross sectional view of a vein showing the support shown in Figure 16 
thereon. 

10 

DETAILED DESCRIPTION OF THE IN VENTIOM 

Without intending to limit the scc^e of the present invention, the following examples 
illustrate how the preset invention may be made and used: 

15 Inures 1 to 3 illustrate a typical faicuspkJ venous valve 1^ 

and many animals. The valve 10 is located in a vein "V" at a valve site. The valve 10 has a 
pair of valve cusps 12 and 12A which are diaphanous, tough membranes; crescentic in shape. 
The blood flow direction is hdicated by the arrow.The concave, coapting ec^es 1 6, 1 6A of the 
competent valve prevent reflux or retrograde fkiw in the opposite direction. The cusps are 

20 attached to opposite wails of the vein arxj meet at commissures 1 8, 1 8A, aH of whfch together 
form sinuses 20, 20A. 

In the rw>nTml coriipetent valve, the free ec^es 16. 16A of the cusps v^^ 
in the direction shown by the arrow arxJwIH restrict flow in ft^ Thesinuses 
20, 20A and cusps 12, 12A form sacks or reservoirs for blood which force the edges 16, 16A 
25 together. The free edges of the cusps are h apposition in a corripeterit valve ge 

the axis A-A which will be termed the transverse axis of the vein and is coincident with the 
commissures. 

When valve incompetence occurs, which may be due to inflammatory phlebitis, 
thrombosis or congenital factors which corrtritHite to inherent or primary weaknesses of the 

30 vein wall, prol>lems such as ed^na, pain arxJ ulcerations can occur. Progressive devebpment 
of varicose veins occur generally in the form of a dilatation near the valve, most frequently at 
the commissures, causing poor coaptation of the valve cusps due to enlargement of the 
commisural spaces and/or etongatibn of the leading edges of the cusps. Figure 4 ilustrates 
this condition. The commissures 18 are cfistended and the free edges 16, 16A of the cusps 

35 are floppy and separated vyith numerous fenestrae permitting retrograde blood flow both at the 
free edges of the cusps and at the commissures. However, sirKe veins are collapsible tubes, 
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when compressive force F is applied at opposite sides of the vein generally perpendicular to 
the axis A-A of the leading edges of the cusps, the vein wiB tend to flatten as shown in Rgure 
5. The flattening tends to elongate, tension and straighten the edges 16, 16A of the cusp 
sul)stantially improving coaptation and rechxang commissural spaces. It also serves to bring 
5 the valve oiqss closer together. The force F should be applied nomial to the cusp edges and 
exteriorly to the vein. This force F will asset in restoring competence to the valve by removing 
the slack or looseness of the free edges and brmging free edges of the cusps dose together. 
It is important that the force F be applied so as not to restrict the vem and also It is desirable 
that the force F not be applied to restrict or compress the sinus areas of the vein which are 
aneurysm-like dilations in the valve. The basts for the present invention is the decovery that 
such appfication of external force when applied at the height of the coapting surfaces wHI 
flatten the vein and extKid the cusps laterally brniging them into apposition restormg 
competence. 

Turning to Figures 6 to 8, a support for applying a corrective flattenirig force to the vein 
in accordance with the present invention is shovyn. In this embodiment, the support is 
generally designated by the numeral 100 and, in Figure 8, is shown in connection with a vein 
"V" having distended sinus areas "S". The support 100 has a pair of opposite compression 
members 1 12, 1 1 2A whidh are identical and each is shown as bemg generally rectangular and 
each defining an aperture or relieved area 106. The members may have an en^rtical or an 
arcuate configuration as seen ni Rgures 11 and 1 1B respectively or may be flat having curved 
ends as seen In Figure 11 A. The members 112 ate preferably fabricated from a bjocompata>le 
material such as porous, expanded FTFE, such as that sold under the trademark GORE-TEX 
Cardravascular Patch as manirfactured by W. L Gore & Associates of Flagstaff, Arizona. This 

material has the structure of nodes intercorinected by fibrfls and is inert and has been 
demonstrated effective in vascular reoonstructkin. 

The members 1 12, 112A are joned together by HitegraHy fomned intermediate hinge 
portscn 1 14 which, when the su^-t is positioned about a valve, generally attends axiafly with 
reqaect to the vein and. is placed to be ac|acent to orie of the commissures 18, 18A. The 
width "W" of the hinge determines to some extent the compressive force appfied by the 
st^jport totfie valve, A tyqMcalwkWiforthe hinge is from about 1 to3^^ Theopposing 
members 1 12, 1 12A are positioned to apply a force generally normal to the free edges of the 
cusps so as to flatten the vein and tenston the edges of, the cusps as has been explained with 
reference to Rgure 5. In order to provide the biasing force and the necessary strength and 
rigidity, reinfordng elements 110. 1 1 0A are attached to or embedded within the opposite 
compresston members 1 12. 112A. The elements may be fomied from a anall diameter 
stainless steel medical grade wire, as for example MP35N. The wire may be formed into a 
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desired pattern to provide the biasing force and to reinforce compression members 1 12. 1 12A. 
In this embodiment, the spring-like elements 1 lO.llOA are formed kito a general serpentine 
configuration, although other shapes such as S. V or W shapes will work. Peripheral portbns 
of the reinforcing members 110. 110A extend arflacent to the edge of each compressk)n 
member. This reinfordng n>eniber rnay also provide for attachment 
the support over a vein. The ac^acent edges 120, 12QA are secured together by statable 
sutures 101 and may also be sutured to the tissue surrounding the vein to prevent the support 
from becoming dislocated as seen in Figure 8. 

The support has a configuratwn which, when ctosed as seen in Figures 1 1 to 11 B, 
provides lateral clearance for the ffKireased transverse width of a valve as vein flattening 
occurs. The shape of the members 1 12. 1 12A may be oval or elltptteal (Rg. 11), planar with 
curved edges (Fig. 1 1 A), or arcuate (Rg. 1 1B). 

The members 1 12. 1 12A provkie iricreased surface area to af^ly the force over a 
substantial area of ttie vein and also present a soft surface to the vein The biocompatible 
material ol the members may be selected having a porosity to aBow or permit limited tissue 
ingrowth. Preferably the support has an axial length of from about 1 to 2 times greater than 
the wklth. 

The support 1 00 can be fabricated by starting with ia sheet of GORE-TEX® 
Cardfovascular Patch material and splitting it into s^^te leafs from opposite edges woricing 
toward the middle leaving a non-slit portkxi of abcnrt 2 mm in wkJth whfch becomes the hinge 
portk>n 1 14. The pre-tormed reinforcing nnembers 110, 1 10A are then inserted into the two 
slits between the leafs and Vhe assembly is then sealed hy compressk>n for about 30 seconds 
in a hot press that has been pre-heated to a temperature of aix)ut 380°C to cause the material 
to soften and adhere: After cooling, the slit sectfons attach to one anotfier with the reinforcing 
memt>er sar)dwk:hed t>etween tfie layers of material. 

In Figure 9. a support member 200 is shown which is substantially equivalent in 
construction to that shown in Rgures 6 and 7 having opposed compressk>n members 212, 
21 2A flexibly joined at intermecfiatel hinge sectton 214. ReWordng elements 210 and 220 are 
provkied in the compres^on members. The memt>er5 are fat)ricated from a biocompatible 
material, preferably porous expanded PTFEl In Rgure 9, fte relieved area 206 is shown as a 
dome or hemispherical projectkxi kx:ated in each ccxnpressbn member at a location to 
refgister with the valve sinus area. 

Refening to Figure 10, support 300 has opposed compression memt>ers 312. 31 2A 
fabricated of a biocompatible material and flexibly joined at hinge 314. The members are 
reinforced by a suitable material such as mecfical grade stainless steel wire, the reinforcing 
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elements being designated by 310, 310A. Relief the sinus areas of the valves is provided 
by perpendicularly intersecting sSts 306. 308 in the members. 

In the embodin[>ent shown In Rgures 12 to 1 4, support 400 is again configunBd having 
c^posite compression members 412 and 412A wfuch may be a surgical grade mietal or plastic 
and have a predetermined rigidity. The members 412. 412A have ff)creased thickness in 
areas 410. 410A, The opposite members 412, 412A are joffied by a hinge section 414 which 
is a flexible section pref erat>iy of the same material If metat, a suitable stainless steel having 
the desired flexibility may be selected or the members may be f onned from a medical grade 
polymer such as fluorinated ethylene propylene or polytetrafhioroethyiene. Tlie members and 
the hinge are preferably covered or jacketed with a bkxwnpatible material such as porous 
expanded PTFE of the type sold mder the trademark GORE-TEX® Carcfiovascular Patch 
manufactured byW.L. Gore & Associates of Fla^ff/Ariroria The coverir^ presents a soft, 
protective surface to the vein. The axial length of the ajpport is from about 1 to 4 times the 
trarTsverse wklth. 

A kxdcing mechanfem 415 is provkled opposite the hinge 414. The kxdcing mechanism 
415 includes apertures 420 in tf>e free end of the upper member 412 and a pair of tabs 425 
extending from the free end of the tower member 41 2A. The tabs ewe each provkled with a 
plurality of teeth 430 which may also sen^ as calibratk>ns. A physician may then engage a 
selected tooth 430 of each tab in the upper aperture lodced by tongues 432 to provide the 
desired degree of flattening force to tfie vein.* The tongues engage a selected tooth on the 
tabs to prevent loosenkig of the si4H>ort. The support is pro^^ 
memt>ers 412, 41 2A at kx:atk>ns to register with tfie sinus areas. 

In Rgures 15 to 18, a heiicai support 500 is shown. Tofabrk:ate the support, ekxigated 
strips of material such as porous expanded PTFE are sfrfrally wound about a cylindrical 
rnarKfrelandoneor inore reirifordngmenrt>ersa^ The wire is 

selected to provide reinforcement and strength and MP35N surreal wire has been found 
acceptable. Ajiy desired number of wires can be kicorporated into the member depending 
upon the degree of compresston required. The mandrel is then heated to a temperature in the 
range of 360**F to 380^ in an air convection oven, causing the porous e^qparxted PTFE to 
soften and adhere so the wires become embedded as a unitaiy part of ttie helical structure. In 
Rgure 17, two reinforcing wires 510 and 51 1 are shown. The helk:al structure is then removed 
from the mandrel and is defonmed by compression to assume a trarisverse elliptical cross 
sectkxi. 

In other alternatives, wires 510 and 51 1 may be provided with an outer covering of 
another layer of PTFE adhered to the first layer. 
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The helical structure comprfeeti of a Sflriffl nCh^fr^nlaTO^ shown in Rgure 1 5. 
Five such sup ports 501 , 501 A etc. are shown. The helical structure consfeting of a plurality of 
^ helical support ^ranbeseveredp any desired location to separate a single support SOias 
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5<='( shown by Figure 16 . The separated support can then t)e easily placed about the venous valve 
5 V tqr elongating It. rotating it about its axis, positioning it and then releiasing it, aliowing it to return 
to the helical condition so that it endrdes the venous valve, and applying the comp 
pressure to achieve a desired flattening. For some applications, a significant length of the 
helical structure can be used to protect a valve and length of vein against dtetation. 

Preferably the support will have a slightly elliptical or oval transverse cross secli^ 
best seen in Figure t8, so that the compression force is oppositely applied generally nornial to 
the edges of the valve cusps. This also leaves a clearance area tT at the opposite sides of 
. the vein for lateral expansion of the vein "V as compression occurs, as seen in Rgure 18. 

A preferred material for the substrate of the compression member of Figures 15-1 8 is . 
porous expanded polytetrafluoroethylene. The commercially available material sold under the 
15 designation GORE-TEX® Cardiovascular Patch as manufactured by W.L Gore & Associates 
of Flagstaff, Arizona; is a preferred material. 

Another advantage of the porous expanded PTFE is that the pore size can be varied in 
the fabrication technique to facilitate tissue attachment Abo. the density of the material can 
be controlled and the substrate can be fabricated having varying density with increased 
20 density in the area of the surfaces which apply the perpendicular compression force. For more 
complete discussion of porous expanded PTFE material, see U.S. Patent Nos. 3.953,566 and 
4,187,390, herein incorporated by reference. 

It wUi be obvious to those skilled in the art to make varkxjs changes, alterattons and 
modificattons to the invention descri)ed herein. To the extent such changes, alteratkxts and 

25 modifkaftons do not depart from the spirit and scope of the appended dairns. they are 
interxled to be encompassed tfieren. 
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1 WE CLAIM: 

1 1. An external support for i^oring competence to an incompetertvere^ 

2 type having cusps with free edges and sinuses, said stpport compriang: 

3 a) first and second opposed compression members having surfaces each with 

4 opposite, first and second edges and adapted to extend about at least a substantial part of the 

5 exterior of the vein in the area of the cusps of the venous valve and applying an external 

6 flattening force generally normal to the coaptingec^es of the valve cusps, 

7 wherein tension is appfied to the cusp edges to restore apposition and competence 

8 of the valve; and 

9 b) hinge means connecting the re^ective first edges of said fkst and second 
10 compression members. 

1 2. The external support of daim 1 further including securing means to connect the 

2 reqaective second edges of the first and second cornpression rnernbers. 

1 3- The extenialsuppcHt of daim 1 wherein the venous valve has cornmissures and 

2 v>*»erein said compression members and said hinge fomri a generally flattened 

3 section wherein the cross section has a transverse width greater than the normal diameter of 

4 the vein so as to provide clearance space to accommodate flattening of the vein. 

1 4. The extemal support of daim 1 wherein sakJ support has an ell^tical cross section. 

1 5. The external support of daim 1 wherein said stfljport has an oval cross section. 

1 6. The extemal support of daim 1 wherein said support has a cross section defined by t¥»fo 

2 arcs. 

1 7- The extemal support of daim 1 wherein said support is comprised of a biocornpattole 

2 polymeric material selected from the group consisting of polytetrafluoroethytene, fluorinated 

3 ethylene propylene, perfluoro alkoxy. polyethylene terephthalate, polypropylene, polyurethane 

4 and resorit)able polymers. 

1 8. TTie extemal support of claim 7 wherein said first and second compression members 

2 tndude a reinforcing mewber. 

1 9. The extemal support of daim 8 wherewi said reinfordng member is a medical grade 

2 wire. 

1 1 0. The extemal suppon of daim 7 wherein said polytetrafluoroelhylene is porous 

2 polytetrafluoroethylene. 

1 1 1 . The external support of daim 1 wherein said first and second compression members 

2 indude a reinfordng memt>er. 
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1 12. The external support of daim 1 1 wherein sakj reinforcing member is a medical grade 

2 wire. 

1 13. The extemal support of daim 1 wherein said first and second compression members 

2 indude reReved areas to accomnxxiate the sinuses. 

1 14. The extemal support of daim 13 wherein said refieved areas comprise apertures in 

2 each of said compression memt>ers. 

1 15. The extemal support of daim 13 wherein said relieved areas comprise convexities in 

2 each of said compression members. 

1 16. The extemal support of daim 13 wherein said relieved areas comprise two or more 

2 slits through each of said compression members. 

1 17. The exterrial support of dairn 2 wherein said securing means comprises a surgical 

2 suture. 

1 18- The external support of daim 2 wherein said securing means comprises a locking 

2 mechanism. 

1 1 9. An elongated extemal support for restoring competence to an incompetent venous 

2 valve, said venous valve ha^^ng cusps with free edges, said support comprising compression 

3 means adapted to extend about at least a substaritiai part of the exterior of the vein in the 

4 area of the cusps of the venous valve and applying a flattening force to the vein generally 

5 nonmal to the coapting edges of the valve cusps. 

6 wherein tension is applied to the cusp edges to restore apposition and competerK^ 

7 the valve and prevent dilation of tt>e vein. 

1 20. The extemal support of daim 19 wherein said support comprises a generally 

2 helical band formed in a flattened spiral and fiaying at least one reinforcing member. 

1 21. The extebial support of daim 20 wherein said supp^ 

2 biocompatible polymeric material selected from the group consisling of polytetrafluoroethylene, 

3 fluorinated ethylene prc^jylene. perfluoro alkoxy. polyethylene terc^hthalate. polypropylene. 

4 polyurethane and resort)able polymers. 

1 22. The extenial support of daim 20 wherein said reinforcing member is a metal 

2 wire. 

1 23. The external supfx>rt of daim 20 wherein said rernfordng meml)er i 

2 t>iocompatible polymerk: material. 

1 24. The extemal support of daim 22 wherein said reinfordng mender comprises two 

2 or more parallel wires. 

1 25. The extemal support of daim 1 9 wherein said support has an elliptical cross 

2 section. 

1 26. The extemal support of daim 1 9 wherein said support has an oval cross section. 
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1 27. The external support of daim 19 wherein said support has a length and a width 

2 wherein the length is atxxit two times greater than the width. 

1 28. The external support of daim 1 9 wherein said support has a length and a width 

2 wherein the length is about five times greater than the width. 

1 29. The external support of dairn 1 9 wherein said support has a length and a width 

2 wherein the length is about ten times greater than the wktth. 

1 30. The external support of daim 19 wfierein said support is cxmiprised of a 

2 biocompattole pofymeric material selected from the group consisting of polytetfaftuoroethylene, 

3 fluorinated ethylene propylene, perfluoro aDcoxy, polyethylene terefrfithalate. polypropyfene, 

4 polyuretfiane and resorbable polymers. 

1 31 . The external support of daim 30 wherein said pofytetrafluoroethytene is porous 

2 polytetrafiuoroethylene. 
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